To: Carolyn d’Almeida, RPM
From: Eva

Subject: STO012 Decision Tree and Criteria for Enhanced Bioremediation, Former Williams Air
Force Base, Mesa, Arizona

Dear Carolyn,

I have reviewed the Decision Tree and Criteria for Enhanced Bioremediation (“Decision Tree”)
for the Former Williams Air Force Base located in Mesa, Arizona, and compared it to the May
2014 Final Remedial Design and Remedial Action Work Plan (RD/RAWP), the March 2016
Draft Final Addendum #2 to the RD/RAWP, and to proposed Phase | Enhanced Bioremediation
(EBR) activities presented during the May 11, 2017 Base Closure Team (BCT) conference call,
along with other data from the site. Although it is still my technical opinion that EBR cannot

" Commented [WU1L: or,

reduce the estimated 400,000+ gallons of jet fuel remaining in the subsurface at STO12 to
volatile organic compound (VOC) concentrations that will not contaminate groundwater to levels
above their Maximum Contaminant Levels (MCLs) in the next 20 yccus I undcrsldnd that it is
the desme of the Air Force to proceed with EBR. This changes the < 1o discussion

“ .oy svaluation
of site conditions and EBR remedistion
capabilities continues o he 7

' Commented [WU2]: 0r,

£-i-from whether or not to proceed with EBR to what the
LnVlronmental Protectlon Agency (EPA) requires for the Air Force to be able to proceed with
EBR considering the present condition of the site. [ have reviewed these documents and the
latest data received from the site in biweekly reports with this in mind. : It appears that a couple

Also, the plans for implementing EBR have been evolving too quickly for nie to adequately
comprehend the proposed plans and comment on them. The purpose of this memorandum is to
try to provide my comments on where [ understand the Air Force is now on implementation of
EBR at §1012. My comments are provided in detail below.

“.. thaithe AF

‘piam to procesd with ERR Y

: issues related to moving forward with EBR may have been inadvertently lost or been ignored. .|

Commented [WU3J: O 'lf appears that
significant issues related 1o moving
forward with EBR have been overdooked
or not received adeguate emphasts in the

proposed EBR plans

k ‘Commented [WUA4]: Or, 'Based on AF

statements in the numerous documents
provided by AF, It appears that AF plans
for implementation of EBR have changed
substantially in the last few years, and the
details of AFs current plan are not
completely clear. Therefore these
comments are based on the commenter's
understanding of AF's curment plans and
approach to implementing and
manitaring EBR as synthesized from the
documents AF has provided to ERPA Y
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General Comments

1. A full delineation of the benzene contaminated areas has not been completed :
Without knowing the full extent of i !
it cannot be determined if the plume contmue to migrate. Slides
from the February 14, 2017 BCT meeting clearly indicate that : i
in groundwater greater than 5 pg/l have not been fully delmeated as large portions of
s-are dashed (indicating the delineation 13
mterred) in the Cobble Zone (CZ) and UpperWater Bearing Zone (UWBZ), with smaller
portions of the line being dashed in the Lower Saturated Zone (1.S7).

a) Observation of the benzene isoconcentration line in the CZ (slide 22) also shows that
the downoradient perimeter wells in the CZ are oenerally 250 feet or more from the SEE wells; ;

dlstance to the downgradient wells. Besrdeb the lack of b 2 plume delmeatron to the north

benzene concentrations

and east, as shown in slide 23, the extent of the } o plume to the southwest may not be
defined. According to the data provided in June 2017, CZ22 was last sampled on 10/10/2016,
and benzene was less than 1 pg/l.. However, the weekly field reports show that 0.66 feet of
LNAPL were found in this well on 11/4/2016. Thus, it is not clear that the benzene
concentration in this well remains below 5 pg/L ¢ :
; The boring for 1.§257 had mumerous p otoromzatlon detector (PID) readmgs in

the range of 40 to 74 parts per million volume (ppmv) from 140 to 160 feet below ground
surface. ™

According to Attachment 4, Locations and
Drilling Plan, footnote f of Field Variance #4, Additional Site Characterization, “Itf PID
screening results are >15 ppmyv . . . location may not bound dissolved phase contamination.”
Additional sampling of well CZ22 is needed, and a CZ monitoring well is needed in the area of
LSZ57 to verity the extent of the dissolved-phase plume in the CZ in this area.

b).In the UWBZ, ;
are above 5 pug/L, indicating that th
delineated to the west in this hydr
UWBZ of soil bormg LSZS? rais
in that area, ¢
Recent groundwater concentration data for perimeter monitoring wells U02 (1.7 pg/L on
3/1/2017 and 2.2 pg/l. on 4/18/2017) and U38 (0.18 pg/L on 2/6/2017, the first time benzene has
been detected in this well) indicate that the line delineating the extent of benzene concentrations
above 5 pg/L. should be extended significantly to the east in slide 24.

: i wells UWBZ36 and UWB7 35
: drbsolved phase plume & g :
ogic zone. PID readings as high as 50 ppmv in the

r questions about the extent of the dissolved phase

> dissolved--phas w0 has not been
delineated in the area of SB-19 to the west, in the area of LSZ46 to the south, in the area of SB18
to the southeast, and in the arca of W36 to the northeast.

" Commented [WU5S]: Or, ‘it isdifficult or

impractical for the current monitoring
nebwork 1o nrovide data that enables
timely determination of plume migration.”

That is, migration of benzene couldd be
determined {under the current manitoring
confizuration! based nn increased bernzene
concentrations in existing wells, or any
benzene showing up in the sometimes-far-
downgradient wells that currentlv show no
impact. But we're not willing to walt for
{perhans) many vears to determine if
benzens is indesd migrating And, of course,
a5 Eva is probably alluding to, In the areas
where no dats exists lie inthe dashed line

areast it is particularly problematic to detect
i benzene migration

Commented [D6]: | don’t fully understand
this statement

DEP: | take this to mean that migration
could occursbe occurring in this area, and
manitoring the 250+ # downgradient
wells might not show the migration untl
perhaps years later. That s, migration of
COLs in this unlt could occur for years
hefore the COCs show up at these far-
downgradient wells. That's oo long to

| Lwalt for data that could significantly
|| change site remedial activities such as
| trggering & contingency remedy.

Commented [D7]: Is this the boring for
Well €222 2
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2. A full delineation of the light nonaqueous phase liquid (LNAPL ) contammated areas has not
been compleled Wlthout
: 3 doAdE-at STO12, the extent of the areay that requlre\ remedlatlon has not been
defmed Shdes irom the March 16, 2017 BCT meeting clearly show that the extent of LNAPL
has not been defined: 1) in the UWBZ to the southeast (UWBZ30 area, see slides 17 and 18) and
2) in the LSZ to the southeast in the areas of SB18, to the south in the area of 1L.8Z46, and to the
west at SB19. Also, there is ; +te distance between the borings that contained
LNAPL in the UWBZ and LSZ on the northern side of the site (1.S743 and 1.SZ51) and the one
LNAPL -free boring to the north (L.SZ59), creating considerable uncertainty in the extent of
LNAPL in this direction.

3. Post- Steam Enhanced Extraction (SEE) | characterization need- within the thermal treatment
zone (T'TZ) of SEE. The May 2014 Final RD/RAWP states (page 4-9) that the target benzene

concentrations in the thermal treatment zone is 100 to 500 ug/L., as “This concentration range is
predicted to achieve cleanup levels within the 20-year remedial timeframe based on modeling of
groundwater contaminant attenuation outside the TTZs atter active EBR”. However, no
groundwater samples have been obtained from within the central portion of the SEE treatment
zone since the termination of SEE to detemnne if this target groundwater concentration was
achieved. Samples obtained during $£§ ses hre not reliable due to the samples having been

Commented [D8]: Wording 27

A Commented [DIR8]:

obtained from the eductor pumps, which contained both eductor motive water and groundwater,
Since the termination of SEE LI\APL hdS been reeovered from many of lhese mtenor wells,
1nd1eat1n0 the hlxehhood of’s dgh dissolvedophase and INAPL baw

sremaining in the TTZ. Discussions between the Air Force
ighlighted the fact that there is considerable uncertainty

. Additional modeling using an agreed-upon

team and the agenc1es teams
in the modeling performed by
modeling approach #;
hould be used to determine whether or not the SEE TTZ requires additional

treatment:

4. Soil borings from Within the SEE TTZ are also required in order to

as the current Air Force estimates (dated 9/28/15) assumed apparently arbltrarv reductions in
each area and zone due to SEE without providing justification #:-i¢ Lo case study
results or ; data (ADEQ letter dated May 16, 2017, to Ms. Catherine

Jerrard).

5. An important consideration for the success of EBR will be ensuring that the injected terminal
electron acceptor (TEA) 1s distributed throughout the area of remaining 3
contamination. The EBR and SEE Containment Modeling Report in Appendix E of the May
2014 Final RD/RAWP states (page 4-1), “This 60-foot well spacing was determined to be
optimal by an iterative process using the groundwater flow model to assess various
configurations of the well fields within the geometry of the treatment areas. Beyond an
approximate well spacing of 75 feet results from the model revealed that sufficient extraction
pumping could not be achieved because of limitations associated with the permeability and
storage of the aquiter and subsequent loss of injectate to the natural gradients in these gaps
between extraction well capture zones.” Despite this modeling result, Addendum #2 and the

| Commented [D10]: “may not be reliable”

27

DFEP: | would lean toward using the "are not
reliahle” staternent, because we have good
reason to think the samples are not
reprasentative of formation groundwater
{i.e. the samples are mixtures of W and
eductor water) and have nowavio make o

|| specific determination g5 to whether any
\iglven sample is in fact raliable.

Commented [D11]: How accurately do we
know this?
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May 11, 2017 BCT presentation propose injection-extraction well spacings as much as 250 feet
or more. Figures E-1, E-8 and E-15 of Addendum #2, which are titled, Modeled TEA Injection
Pathlines for the CZ, UWBZ, and 1.SZ, respectively, show that injected TEA would not be
distributed throughout the ovals of Target Area of Sulfate Distribution by Injection-Extraction
shown on slides 25 — 27 of the May 11, 2017 BCT presentation, but would travel in relatively
narrow paths. Specific examples of discrepancies between the Modeled TEA Injection Pathlines
and the Target Area of Sulfate Distribution include the fact the TEA pathlines show TEA
injected at CZ12 to migrate downgradient (Figure E-1), rather than being extracted at CZ21, as
suggested by slide 25; Figure E-8 shows TEA injected at UWBZ32 and UWBZ33 to migrate
downgradient rather than be captured at UWBZ22 as suggested by slide 26; and Figure E-15
show TEA injected at W34 to migrate downgradient rather than be captured by LSZ29, as
suggested by slide 27. It is clear from the TEA Pathline figures that the proposed injection and

The Time of Remediation Estimates for Enhanced Bioremediation at STO12 (provided to the Air
Force on May 30, 2017) states that the hydraulic conductivity values for the .SZ and UWBZ
used in the modeling reported in Appendix E are significantly lower than what was used in
previous modeling. It is not clear how incorporating more realistic hydraulic conductivities into
the model will atfect the flow of the TEA, either under pumping or non-pumping conditions.

6. It 1s not clear what sulfate concentrations are ideal for BTEX degradation at the ST012 site, or
what concentration may be inhibitory to the microorganisms. The Decision Tree in the first blue
box states that sulfate concentrations in the range 2,000 — 10,000 mg/L are ideal for microbial

growth, and that concentrations as high as 30,000 mg/L are non-inhibitory. However, Suthersan

etal (2011) suggests that maintaining relatively stable sulfate concentrations in the range of 100

to 2000 mg/L increases the efficiency of the process, and that sulfate concentrations greater than
2000 mg/l. do not yield increased hydrocarbon oxidation rates. Al-Zuhair et al. (2008) found

" Commented [WU12]: Mot sure we should

use this phrase “residusl saturation”. AF
tends to use this phrase in an ambiguous
way to indicate either/or “remaining LNAPRLY
or actual {as technically defined: “residusl
saturstion”

Maybe just “contaminated areag’?

Commented [D13]): Reference List 22

that sulfate concentrations above 4,000 mg/L. may begin to inhibit sulfate reduction.

7. Addendum #2 proposes to inject sullate at a concentration of 320,000 mg/1. (March 2016

Addendum #2, page 4-7). After pumping only for a short time during the injection of sulfate to
help distribute it, Addendum #2 and the Decision Tree then proposes to terminate extraction and
allow the sulfate to distribute by diffusion. Addendum #2 provides figures to illustrate the

" Commented [WU14]: AF will probably

counter that efficiency is not necessanly the
most important factor, and sxeess sulfate {5
long as s not inhibitory, and dossn’t
rigrate off-site to cause water guslity

| problems) is not 2 maior concern.

concentrations of a conservative tracer (meant to represent sulfate) injected at a concentration of

320,000 mg/L in each of the three hydrologic zones over the next 1990 days (Figures E-2 to E-7,
E-9 to E-14, and E-16 to E-21). These figures show significant migration of sulfate offsite at
concentrations greater than the secondary MCL for sulfate of 250 mg/L (Figures E-7 and E-21),
and sulfate concentrations high enough to inhibit microbial growth over large portions of the
UWBYZ and LSZ 1990 days (approximately five and one half years) after sulfate injection (Figure
E-14 and E-21).

Another thing to note on the figures from Appendix E depicting tracer concentrations due to
diffusion effects is that these figures predict that it would take as much as 5.5 years (1990 days)

| Commented [WU15]: | thought that AF

had indicated they were planning on using

. Hlower concentrations of sulfate for injection.

Commented [D16]: “diffusion” implies
molecular diffusion, which is trivial
compared to hydrodynamic dispersion
{mixing due to velocity variations}. Did they
use the word “diffusion” or “dispersion” ?

throughout the areas that are believed to contain LNAPL. This situation is not likely to be

for the sulfate concentrations to reach the 1000 mg/L range where sulfate reduction is maximized - | Commented [D17]: Same comment as

above
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2017 BCT presentation.

Per the Decision Tree (paze two), microbial analvses would occur 6 fo 36 months atter the initial
sudfate wjection, for the purpese of monitormg EBR stunmlation. However, if sulfaie migration

will take as much as 5.5 vears to reach the concentrations throuzhout the arcas helieved to

On page 3 of the Decision Tree, top box with the subtitle “Decision Oblective: Transition
Criteria Achieved?”  This boy states that the time frame of these analvses is between 18 and 36
months after the first injection. One of the metrics mentioned is “Sulfate distributed to support
ongoing MNA”., B is unclear how it can be detenmined i salfate 15 correctly distributed
{spatiallv. or af proper concentrations) throughont areas believed fo contain LNAPL if thus
distribution mav take up to 5.5 vears.  The same can be sand of the criteria contained in the
second box, including benzene half-livies in the three rones throughout all areas containing

Specific Comments on Decision Tree

8 The first yellow box calls for monitoring LNAPL levels, and that ‘<l ft/week’ accumulation in

" Commented [WU18]: thatis. monitoring

of the effect of GW sulfate conrentrations
which are at the desired range. Naturally,
EBR monitoring in zeneral will be site-wide,
since the whole site has {o be remediated

Note that if we're not careful we could be
understood a5 sgresing to s 5.5+ vear trisl of
EBR.

a well is “ideal” and ‘< S ft/week’ is “non-inhibiting”. It is not clear in which wells LNAPL
levels will be monitored. LNAPL monitoring in proposed extraction wells was terminated when
the pumps were installed as _ wee claims they cannot monitor for LNAPL with the
pumps in place. The March 2016 Draft Addendum #2 to the RD/RAWP states on page 4-11, “If
mobile LNAPL is observed in a new or existing injection well, the LNAPL will be removed, to
the extent practical prior to injections. If sustained recovery of LNAPL is possible, TEA
injection at that location will be delayed.” This would seem to indicate that LNAPL levels in
injection wells to be monitored.

What is the basis for saying that ‘<1 fi/week’ is “ideal” and ‘< 5 ft/week’ is ‘non-inhibiting” and

EBR should proceed? In the second yellow box of the Decision Tree, it states, “I. NAPL removal e

ﬁ Commented [WU19]: I'm nol tolally clear

on what we're saving in this tern 89 first

| paragraph.

is generally more etficient than EBR. TNAPIL not removed can increase EBR timeframe” This
statement appears fo be contradictory to the implication that LNAPL accumulations of up to 1

Commented [D20]: Good guestion

ft/week in an injection well are acceptable for proceeding with EBR. Several of the planned
injection wells, including CZ11, UWBZ10, UWBZ33, UWBZ16, W11, W37, LSZ50, L.§748,
and 1.§749, have recently and continuously contained L. NAPL under non-pumping conditions,
and thus are not likely to be useable as injection wells in the immediate future.

9. The first yellow box states that if the hydraulic response is not consistent with expectation,
then the distribution (I assume of sulfate) may be affected. What is the expected hydraulic
response? What are the planned extraction rates for each extraction well and expected
drawdowns in each of the wells?

Commented [WU211]: Note that this
statement of AF s is probably just 3 sop
related to my challenging them at the
meeting to emphasize LNAPL rempval |
doubt if they are going to zo out of their way

Lo remove LNAPL.

Commented [WU221: 'm not sure why
this s contradictory.
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10. The first yellow box states that if temperatures are changing rapidly at extraction or injection
locatmns potentially temperature should be monitored and unt for stabilization. This appears to
be contradictory to the objections of the Air Force and 2 s that continuous
groundwater extraction for containment would have a negative effect on EBR because we would
adversely affect the temperatures that are currently advantageous to EBR, and would pull
dissolved oxygen into the system, s:5-thereby alteris;z the redox conditions. The May 2014
Final RD/RAWP that was approved stated “The approach to remediating the LNAPL --impacted
zone outside the TTZ combines the technologies of groundwater recirculation with the addition
of terminal electron acceptor (TEA), and plume containment.” (Section 3.5, first sentence). The
description of the EBR design goes on to say “Process equipment will be installed for integrated
operations for active remediation and containment of the three hydrologic zones (CZ, UWBZ
and 1.8§7),” and “The overall system will be hydraunlically designed to capture and maintain the
plume geometry.” The EBR and SEE Containment Modeling Report in Appendix E states “The
approach to remediating the LNAPL impacted zone outside the TTZ combines the technologies
of groundwater recirculation with the addition of terminal electron acceptor (TEA), and plume
containment, followed by a period of natural attenuation and groundwater monitoring.” Based
on the May 2014 Final RD/RAWP, containment was an integral part of the planned EBR. It is
not clear wh was not a part of the proposed plan in Addendum #2.

It should be noted that temperature data provided in Section VI of the April 29 — May 12, 2017
ST012 Site Operations Report shows that virtually all of the area in the three hydrologic zones of
the site that are proposed for Phase 1 EBR (see slides 25 to 27 of the May 11, 2017 BCT
conference call) remain at significantly elevated temperatures, with temperatures as high as
270°F in May 2017. ‘Thus, it is not likely that these areas will be good candidates for initiation of
EBR in the near future! Pumping to extract hot groundwater and pull ambient temperature

groundwater into the area may increase the rate of cooling and create conditions amenable to
EBR more quickly than allowing cooling only by natural groundwater tlow.

11. The first gray box seems to indicate that sulfate is expected to arrive at the extraction wells
10 weeks to one year after injections start. What is the basis for this rather significant range in
travel times expected between injection and extraction wells?

12. The parameters to be monitored in the first blue box must include VOCs in groundwater.
With an estimated 400,000+ gallons of LNAPL remaining in the subsurface at ST012 (Amec
estimate dated March 17, 2017), most of the remaining VOCs are in the LNAPL not dleOlVed
in groundwater. In order to demonstrate that EBR is having the desired effect ¢!
benzene concentrations in the LNAPL ¢
must be measurably and significantly decreasing.

Commented [WU23]: which may serve a5

an excuse tater on after EBR
implementation] for AF 1o indicate that more
time is nesded for EBR since these rongs

need to cool down for EBR to be effective.

13. The first blue box states “Decreasing VOCs in the presence of sulfate may indicate
degradation.” While this statement is true, it must be recalled that injection of large volumes of
water containing sulfate will definitely dilute VOC concentrations in groundwater, and displace

Commented [D24]: Good point

' Commented [WU25): Andthisiewhy itz :

the contaminated groundwalu This should not be mistaken for deeradation. Decreasing VOC
concentrations i Ve
determined that the appropriate biological communities are present and that they

degrading

should only be considered to indicate degradation after it has been '

 the injection fluid.

appropriate to have a conservative tracer in
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VOCs (including benzene). Groundwater data from across the site after TEA injection should be
used in the evaluation.

14. The first blue box and the final gray box state that “If degradation by SRB can-not be
demonstrated after other measures, consider alternate technologies” and lists pump--and--treat
and chemical oxidation as the technologies to be evaluated. Neither of these technolopies are
appropriate for large quantities of LNAPL such as the motre than 400,000 gallons of LNAPL that
are belicved to be at this site. SEE has been found to be gaffective for LNAPL at this site and

should be considered if EBR is not found to be effective.

15. The second blue box and the white box (page 3) list Target Numerical Conditions of average
and maximum benzene concentrations in each of the three hydrologic zones that are presented in
the modeling in Appendix E of the RD/RAWP. Comments on this modeling exercise have been
provided to the Air Force. Discussions between the Air Force team and the agencies’ teams hac;
highlighted the fact that there is considerable uncertainty in the modeling performed by .
. Additional modeling using agreed-upon modeling approach should be used
to determine whether or not the SEE T1Z requires additional treatment, based o | post-
SEE soil and groundwater concentrations.

16. Second blue box: Shows that for the UWBZ, the maximum permissible benzene
concentration for transition to Monitored Natural Attenuation (MNA) is 1400 ug/L

wiot. The May 2014 Final RD/RAWP states on page 4-9 that the target benzene
concentrations in the thermal treatment zone is 100 to 500 ug/L, as “This concentration range is
predicted to achieve cleanup levels within the 20-year remedial timeframe based on modeling of
groundwater contaminant attenuation outside the TTZs after active EBR”. Thus, these two
criteria appear contradictory. Discussions between the Air Force team and the agencies’ teams
ba - highlighted the fact that there is considerable uncertainty in the modeling performed by
2. Additional modeling using an agreed-upon modeling approach should be used o
determine whether or not the SEE T'1Z requires additional treatment, based on post-SEE soil and
groumdwater concentrations

| Commented [D26]: Pump-and-treat

would contain the plume, though, if they're
willing to pay for its operation “forever”.

DFEE: True, and remember that they are very
antsy about evaluating COC changes in the
LNARL. They miuch prefer to focus on
groundwater. Anvway, | suspect that these
“ablternate technologies” are merely
something to plug into the workplans at the
mament,

?

Commented [D27]: Refer to the EBR

Checklist for references and correspondence

17. The second yellow box states that the Desired Trend for Sulfate migration is that it not
migrate outside of the EBR area. Figure E-4 predicts that sulfate will be migrating out of the
EBR area in the CZ within 150 days of injection at wells CZ12, CZ14, and CZ16, and Figure E-7
of Addendum #2 predicts that this will continue for more than 1990 days. Figure E-15 predicts
that sulfate injected at W34 will migrate out of the EBR area. This would indicate the need for
recirculation/containment throughout EBR.

18. The second yellow box states that the Desired Trend for Arsenic Concentrations is “Arsenic
concentrations exceed MCLs”. The desired trend should be for the arsenic concentrations to not
exceed MCLs. Arsenic should not be injected with the sulfate solution at concentrations that
exceed the MCLs.

It you would like to discuss any of these comments, I would be happy to do so. I can be reached
at (580) 43608548 or davis.eva@epa.gov.

Commented [D28]: Same comment asin
‘No. 15
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Page 1 of decision tree, fourth box in Howchart savs “Momitor baseline conditions”, and times
this activity to occur atter the start-up of extraction activities. This needs to occur prior to any
extractions or injections to provide valid data. Performing thus baseline data before any

extractions or injections is pronused 1n Section 5.1 of the Addendwm #2. Remedial Design and

Remedial Action Work Plan for Operable Unit 2. Revised Gronndwater Remedy, Site 81012,
Former Williams Atr Force Base, Mesa, Anzona. Section 5.1 of this document states that;
“Prior to BBR injection and exlraction achivities, sampling will be conducied to determing
baseline conditions and to adiust operational stratesy based on conditions in the field.”
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